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Increasing U.S. Shipbuilding Profitability and

contract requirenents. The challenge
facing U S ~shipyards is to becone
more conpetitive in the market. us.

Competitiveness
Frank H. Rack (M), Managing Change, Inc., U.S.A.
ABSTRACT

The declining nunber of
Governnent contracts for ship repair

and new construct ionwork. and the
acknow edged conpetitiveness “Gap” has
resulted in the need for US
shipyards to face the major challenge
of reducing total ship  cost,
construction tinme and their general
overal | approach to  neet the
“necessary conditions” of conmercial
ship owners in order to obtain
contracts. Increased profitability is
al so a necessary condition for short
term survival but does not ensure that
these shipyards will be conpetitive in
the comercial ship world marketplace.

The  significant i mpact on
profitability and  conpetitiveness
resulting from reduction in

construction time will be discussed.
Construction time is defined as the
tine between contract award and
delivery. The techniques that can be
used to determine: Wat to change,
Wat to change to, and How to cause
the change will be described al ong
with the paradigns that are present
which greatly hanper the breaking of

physi cal , policy and behavi or
constraints.
SI TUATI ON

Well over 90% of all new

construction and major conversion work
of ocean going ships in the USis
presently being performed by five
maj or shipyards for one customer, the
U S. Navy. All of this work nust be
acconpl i shed to nmeet Covernnent type
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shipyards can increase their profit-
ability considerably and still not be
conpetitive in the market.

Although all five shipyards have
considerable  backlogs and, when
options and/ or projections are
included, this Navy work extends out
into late 1997 and beyond.  Anderson
and Svedrup, 1993 in their discussion
responded as follows to this author’s
question why the U S. shipyards are
not conpetitive: WWat lies inplicit is

that U S shipbuilding rnust be
“determned!” to change in order to
increase  productivity which we

consider to be THE problem for U S
shi pbui | ders.

Ander son and  Svedrup, al so
di scussed two other very pertinent
statenments relative to U S. shipyard s
becom ng conpetitive: (1) Specialize,
do not have a “Dual -Use” shipyard, and
(2) Shipbuilding nmust be viewed in the
long term U S. shipyards with |ong
term Navy work nust deal with the
dual -use problemand it is believed
that all have conmmitted to the |ong
termview There are many other areas
that are not within the control of
U.S. shipyards that have a significant
i npact on profitability, and more so
on  conpetitiveness, because they
affect not only the shipyards, but
have a greater effect on ship owners.
Some of these areas are: foreign
shi pbui I ding subsidies, International
laws and regul ations. depreciation
laws, special financial agreements.
and ship operational costs.



How Wde Is The Conpetitive Gap?

One of the mpjor tasks U S
shipyards face is trying to determne
how big is this conpetitiveness “Gap.”
U.S.  shipyards have  not bui | t
comercial ships that can be used in
any conparison in a long tine.

Tabl e | provides a 1993
eval uation of three other shipbuilding
regions to the U.S. in eight mgjor
functional areas. The | argest gaps
are in the Marketing function fol | owed

by the Overall function and the
Strategy Management which appears i
two of the three range conparisons
These conparisons seem to vali dat
that managenent paradigms are the cor
probl ens that nust be addressed befor
the issues of increasing profitabilit
and reducing the conpetitiveness ga
can be effectively resolved.

A conparison of schedul
construction tine for a U S. shipyar
and Japanese shipyards is shown i
Table II.

SHI PBUI LDI NG OVERALL HUMAN STRATEGY TECHNI CAL
REG ON RESCURCES MANAGEMENT
EUROPEAN COWM UNI TY, 85-115 90-115 75-130 95-110
JAPAN, RANGE 95-120 100- 125 95-125 90-110
KOREA, RANGE 90-110 100- 120 85-110 85- 105
USA, RANGE 65- 90 80-105 70-90 70-1 00
RANGE of GAPS * 20/ 30/ 55 10/ 20/ 45 5/ 40/ 60 15/ 10/ 40
MARKETI NG PRODUCTI ON PURCHASI NG PLANNI NG
EUROPEAN COMMUNI TY 85-120 90-110 85-115 85-115
JAPAN 100- 115 90-110 90-125 100 125
KOREA I'10-130 90-115 80-95 80-95
USA 40- 60 75- 95 . 75-95 80- 100
RANGE of GAPS * 45/ 70/ 90 15/ 20/ 40 5/ 30/ 50 0/ 25/ 45
*GAPS = Range of USA to other Regions: Low Low H gh:H gh/Low Hi gh.
Underlines indicate |owest and highest in each functional category.

Tabl e |
[ ndex of Conmerci al

Conmpetitive Eval uations of Shipbuilding Regions
Shi pbui I ding Conpetitiveness by Function

(100 = Average International Shipyard)
Source: Bunch, 1993.
Shi pyard USA USA* Japan I HI AJl IVHI SH VLCC
CA to SC 61 39 22 34 34** 26 26 43
SCto D 79 79 38 43 39 39 39 47
CAto D 140 118 60 77 73 65 65 90
*Based ON Japanese Material lead tines. ** 50% before Contract Award.

80, 000 TWOT Doubl e Bottom Product

Carrier

D = Delivery.

IH = Ishikawajinm Harinma Heavy Industries.
AJl = Advanced Jointless Information Systems by Assinmilation and Inheritance
MH = Mtsubishi Heavy Industries,
SH = Summ tono Heavy Industries, 85,000 TwDT Bulk Carrier.
VLCC + Very Large Crude Carrier.
CA = Contract Award, SC = Start of Construction,
Table 11 Construction Time (in weeks) Conparisons
Source: Bunch, 1987, Bennett and Lanb, 1994.
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Although the above figures
represent several different types of
ships, the one US. shipyard requires
an average of 29, 37, and 66 nore
weeks for the CA to SC period, SCto D
period and the CA to D period
respectively: around double the tine.
Table 11 indicates that almst 50% of
the total gap results from actions
taken during the period from CA to the
SC and that nore than 50% of the tota
gap takes place fromSCto D

Actions taken during this first
period will have a significant inpact
on construction time because these
actions provide the prerequisite
i nformation needed to acconplish the
mul titude of construction tasks.

The reported difference (1980)
between a U S. shipyard building a
simlar ship in the SC to Launch
period, i.e., fabrication, assenbly
and erection activities is 2.4, 2.6
and 2.5 tinmes that of a Japanese yard
respectively (Bunch, 1987).

Sone one berth or single dock
Japanese shipyards can conplete five
or six ships in a year; and with four
nonth erection tinmes, this neans there
must be berth or dock tines
over| apping (Bennett and Lanb, 1994).

Al'l tasks perfornmed in the
construction of a ship are in
accordance  with the  shipyards
managenent systems (set of formal and
informal rules). These rules are in
effect oDany paradigns. Apparently
foll owing these paradignms has resulted
in no significant reductions in US
shipyard construction tines.

“...no US. shipyard, has to the

best of our know edge, offered the
Navy alternative appr oach,
benchmarked  agai nst its foreign
competition, that would satisfy the
Navy that their particular build

strategy was indicative of world class
standards.” (Spi cknal | and  \Wde,
1993).

The Navy al so has paradi gns
which may not be congruent with the
U.S. commercial shipbuilding needs
relative to ship construction tines.

Anot her significant gap area
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between U. S and foreign conpetition is
in construction manhours. A conparison
of the manhours required to build
simlar ships in a US shipyard and a
Japanese  shipyard indicated the
Japanese shipyard required 39% of the
effort of the US. yard (Bunch, 1987)
Presently, t he gap al t hough
significant is not as great as
estimted in 1987 (Bunch, 1987, Storch
and Cark, 1994)

The  present admi ni stration
concerned about the ability of US
shipyards to make the transition into
the global commercial shipbuilding
mar ket have initiated a programto
hel p narrow the gap. The five nmain
el ements of their program (Beargie,
1993) are

1. Title X Loan Guarantees.

2. Research and Devel opnent
adm ni stered under the Department of
Def ense organi zation cal |l ed MARI TECH

3. Elinmnation of unnecessary
governnent regul ations which inpose
burdens on the shipbuilding industry,

4. New market pronotion program
to help U S shipyards identify and
win potential foreign orders (one
objective will be the facilitation of
cooperative agreements between U. S
and foreign shipyards), and

5. Continuing efforts to end
foreign ship building subsidies.

The Advanced Research Project
Agency (ARPA) is managing the Maritech
program and has already awarded

nuNer ous cost-sharing contracts
totaling many nmllions.
Under the new Title X program

ship owners (foreign (except for US
flag ships) and domestic) can obtain
25-year financing for up to 87.5% of
the actual cost of constructing a ship
for export-at a fixed interest rate
Sonme Title Xl nonies also are for US
shi pyard nodernization

Increasing foreign |abor costs
and positive exchange rates may al so
help to narrow the gap. However, the
chal l enge to reduce the conpetitive
gap and |eapfrog the conpetition nust
be the  mgjor goal of u.S.
shi pbui | ders



WHAT ( PARADI GVB) TO CHANGE? AND
WHAT ( PARADI GV5) TO CHANGE TO?

U S. shipbuilders are in need of
a transformation fromthe way that
they have been doing business in the
past.  To paraphrase Barker ( 1992),
shipbuilding is a business that has
many paradi gns: rmanagenent, materi al
marketing, engineering, planning and
schedul i ng, accounting and nmany
ot hers. In addition there are even
mre paradigns in the cultural
behavior of the shipyard s nmanagement,
wor kers, vendors, etc., not to nention
the primary custonmer’s (U S. Navy)
nunerous paradi gns.

The interrelationship of all
these paradignms is crucial to the
success and longevity of any U S
shi pyard. “A paradigm in a sense,
tells you that there is a gane, what
the game is, and how to play it
successfully...A paradigm tells you
how to play the game according to the
rules...A paradigm shift, then, is a
change to a new set of rules to be
used in the gane.” (Barker, 1992)

The idea of a game is a very
appropriate metaphor for paradi gns
because it reflects the need for
borders and directions on how to
perform correctly.

The hi ghly i nt er dependent
structure of t he “forest” of
paradigms that are integral wth
shi pbui | di ng, coupl ed with t he

condition that there has essentially
been only one “custoner” for a long
period of time, has resulted in only
one set of rules for “playing the
gane.”

To neet the present necessary
conditions in the nmarket, numerous
paradi gm shifts (transformations) wll
be required because the rules of this
“new game” are quite different.

The two basic levels of the
Transformati on Process by which a
conpany reconceptualizes and redesigns
itself (system) to remain conpetitive
are (Swartz, 1994):

1. A systematic approach to
Conti nuous Linear |nprovenent and
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2. a systematic approach to

Cont i nuous Non- Li near | npr ovenent
redesi gn of the system
Cont i nuous | mprovenent is

usual Iy linear and consists of reduct-
ion of valueless time, activity, and

variance.  System redesign is usually
non-linear and involves: new process
intent, new process nodels, new

| earning and inprovenent system and
new val ue- addi ng technol ogy. Rewar d
systens are a necessary condition of
any |earning and inprovement system
Learning is defined as - new concepts
and new ideas entering your brain.
| nprovenent is the process by which
one learns to change:

1. What one does,

2. What others do, or

3. The system that affects

peopl es |ives.

The major transformation for
U.S. shipbuilders is how to make the
necessary changes to “leapfrog” the
conpetition. Benchmarking can provide
insight as to what the conpetition is
doing, but world class conpetitors are
not waiting for the U S. shipyards to

peéqh up and as tinme noves on, the
P* actually increases as shown in
Figure 1.
Rat e
of
| npr ovenent

. Gap
Conpetitor

Yourself

- Time =
Figure 1., Rate of Inprovenent
Source: (CGoldratt and Fox, 1986)



A good starting point to | ook
for paradignms-that are hanpering U.S.
shi pyards from being conpetitive was
paraphrased by Walton in 1986: Dem ng
expl ained that workers’ performance is
determ ned solely by the systemin
which they are working.  Mnagenent,
he said, must not only recognize that
most of the failure for a systemto
produce the desired results is due to
the systemitself, but that mnagenent
nust change itself, and the system to
| nprove out cones.

Denming identifies two major
paradigms in the above statenent, the
“systenf and that nanagement nust
change itself (its thinking) before it
can change the system The system
that U S. shipyards are using is based
on years of trial and error and
experience to meet cust omer
requirenents. Wth the dem se of
commercial shipbuilding in the US
the system that has been devel oped to
neet one customer’s requirements is in
itself a major paradigm but not the
core problem

The Key Paradi gm - Thinking

After the second Wrld War,
anal ysi s becane the dom nant node of
t hought, so nuch so that even today
analysis and thinking are used as
synonymous terms. The foll ow ng

definitions provide a cl ear
distinction between two thinking
approaches.  The anal ytical approach
utilizes the followng three steps
(SBM 1993 ):

1. Reducing the problemto a set
of solvable problens,

2. Sol vi ng the  conponent
probl ems, and then _
3. Assenbling them into a

solution as a whole

The systens approach is an
alternative to the anal ytica
approach. A systemis a collection of
parts which nust satisfy the follow ng
three  conditions. First, the
performance of the systemas a whole
is affected by every one of its parts.
Second, the way that any part affects
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the whol e depends upon what at |east
one other part is doing. The third
condition is that if one takes any
nunber of parts and groups themin any
way, they form sub-groups which wll
be subject to the same first and

second conditions as the origina
parts are.
Two  principles of systens

thinking follow (SBM 1993).

1. If one takes a system apart
to identify its conponents, and then
operates those conmponents in such a
way that every conponent behaves as
well as it can, the systemas a whole
w |l not behave as well as it can

2. If a systemis behaving as
well as it can, none of its parts wll
be.

The Key Paradi gm Shift

Traditionally, successfu
managers have strong probl em sol ving
skills. ~ Wen a real problemoccurs,
they solve it. This is how nost
managers are evaluated as to their
effectiveness on the job. Mbst
shi pyard managers are paid to solve
probl ens whether they are trivial or
conplex, so naturally managers spend
most of their tine doing just that.

Bar ker, 1992 describes this
condition as a “great bhig buzzing
confusion.” This condition is also
comonly called a “Mess.” What
reaiity consists of are messes, not
probl ens. A ness is a system of
“perceived problenms” or “synptons” of
the underlying cause that drives the
system The traditional way of
managing is to treat the ness
analytically, but if a true belief
that the systens approach does exist,
then an anal ytical approach can not
provide a solution to the ness; only a

situation referred to as “fire-
fighting” can solve the ness
One of the nost inportant

managenent skills during times of high
turbul ence is anticipation (Drucker,
1980) . There it is suggested that
managers inprove their skills so that
their actions are nmostly in the upper



right quadrant shown in Figure 2. The
area bounded by the oval (*A") is the
area between anticipation, problem
avoi dance and opportunity identifica-

tion where managers should strive to
oper at e. The |ower |eft quadrant

where mostof oval (“R’) is located is
the area between problem solving and
reaction where nost nmmanagers now oper -

ate. It is in the opposite area (“A’)

that the greatest |everage over the
future can be realized - personally,

organi zational ly, and nationally.

Antici pation
New

| Managerial Skil

Anticipatjon

Probl em
Sol vi.

Profilem Avoi dance

Ski I

Manageri a

Reacti on

Figure 2. New Measures of
Managenent  Ski |
1992

Source: Barker

The time between changes is
decreasing and the magnitude of change
IS increasing. Organi zations and
peopl e nust nove fromthe old style of
solving problens (firefighting) to a
new style of anticipating potential
probl ens before they happen and try to
keep them from occurring in the first
pl ace. Peoples’ and organi zations’
attentions must shift fromlooking for
the fire-fighting type of solutions to
devel opi ng processes which will assure
the maintenance or inprovement of
solutions over tine.
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The conpetitiveness gap facing
U S. shipyards indicates that initia
efforts should be in the area of
system redesign. A prerequisite to
system  redesign wll be t he
i npl enentation of systems thinking by
management . Management must change
itself, and the system before the key
paradi gm shift can result.

Primary Focus - Another Key Paradigm
Unfortunately, organizations and

people live in an inpatient world that
confuses fire-fighting reaction type

actions as progr ess. Mbst
or gani zations have i nvested and
continue to invest mllions in
| npr ovenent prograns under nmany
banners such as Manuf act uring
Resources Planning (MRP I1), Total

Quality Managenment (TQV), Just-In-Tine
(JIT), Theory of Constraints (TCOC),
and other such prograns. Each one of
these prograns in isolation appears

sensi bl e, and many have resulted in
initial inpressive inprovenents as
Curve A in Figure 3 indicates

However, experience has shown that the

slope of Curve A (the rate of
sustained  inprovenment) does  not
conti nue. This rate of inprovenent
flattens out over time, then is

stagnant and in sonme cases declines to
the point of bankruptcy!

Until a proposed action plan is
rigorously checked out to nake sure
that it has a high degree of assurance

that it will lead to the long term
desired effects (goals), then the
application of time, resources, and
capital wll usually result in a

process of on going |inear inprovenent
and Curve A type results.

It is this |ackof prinary focus
on what drives a systemthat |eads
managers to do the wong thing. If
organi zations and people do not take
the time to clarify what they want -
by trying to wunderstand all the
possible ramfications of their
proposed programs - their actions can
not be strategically congruent.



Results
" Aﬂ
Curve
Stagnation
Deaise
_//’ Time |
Figure 3. Rate of Inprovenent

Source: Goldratt, 1990

l'ike other for
have been
organi zed al ong
functional |ines which include sales,
production, engineering, mterials,
finance, human resources, and so on.
Each of these functions are usually
broken down into smaller functiona
groups (departnents), which in turn
are further subdivided into |evels
such as managers, superintendents,
supervisors and in some cases |eadnen
[f, as traditionally done, each of
these levels and each of these
functions perform as efficiently as
they can, then according to the
systens approach described above, the
shipyard will not be efficient!

One has only to |l ook at the
history of U S. shipbuilding to con-
firm that paradigms have been
devel oped  that conform to the
anal ytical  approach. Gover nnent
contract requirenents which require
perfornmance neasuring of individual
wor k order budgets and schedul es
reinforces the analytical approach

The current goal of U S
shipyards’ is fairy clear: To becone
nore profitable and conpetitive in the
world market. In order to achieve
this purpose, the synchronized effort
of many resources is needed. The
fundanental principle of the Theory of
Constraints (TOC) is: The organization
shoul d be viewed as a chain conposed
out of many |inks.

U.S. shipyards
profit busi nesses,
traditionally
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The contribution of any link is
strongly dependent upon t he
performance of other links - A chain
Is only as strong as its weakest |ink

Very few organizations operate
as a chain (all dependent operations
in series), most operate as a grid of
chains. Thus the number of weakest
links (constraints) that determne the
performance of an  organization,
depends on the nunber of independent
chains conprising the grid. The nore
conplex the organization (like a
shipyard), the fewer the nunber of
I ndependent chains it contains; nore

conplex neans nore  dependencies
Thus, if an organization wants to
inprove its performance, the first

step nust be to IDENTIFY the systems
constraint (Coldratt, 1990).

The traditional shi pyard
practice of trying to inprove the
budget and or schedul e performance of
any one of the thousands of work
orders (links) required to build a
ship is contrary to the above TCC
principle. The bottom |ine inpact
resulting from solving independent
(l'inks) problenms is usually very
smal | .

To get out of the “mess”, logic
must be used. Not the correlation
techni ques used in the soft sciences
and predom nantly by managers today,
but the logic of Effect-Cause-Effect
(ECE) used in the hard sciences to
answer why things are related.  \hen
this paradigm shift from using
correlation techniques to using ECE
techniques is made, then the problem
solving process can be bhetter relied
upon in the search for good iterative
solutions and in preparing practica
strategic plans.

These same ECE techniques al ong
with a procedure called: Categories of
Legitimate Reservations (CLRs), are
used to specifically build and check
the accuracy, logic, and existence of
all causes, effects and relationships
This challenging of all logic is
integral to the TCC, Thi nki ng
Processes (TPs), and the applications
derived fromtheir use



These TPs are applicable to all
types of organizations. The TOC TPs
enpower  nanagers wth tools to
systematically, | ogi cal |y, and
effectively answer three fundanenta
questions:

1. What to change,

2. \Wat to change to, and

3. How to cause the change

The TOC TPs al so provide the
| ogi cal techniques to not only answer:
Wiy is the systemsick, but also two
other major questions: Wat changes
are required to the system and nost
I nportant|y: What actions does
management have to take to effectively
i mpl enent the cure?

El mes, (1992)  concludes that:
“most of the procedures used in TP,
have a solid scientific basis..
Furthermore, it is now possible to
document the techniques. ..because it
contains some unique feature (the
ef fect-cause-effect and evaporating
cloud techniques), and because the
entire package of techniques is ained
at inproving organizational problem
solving.’

Qther Major Paradi gns

One only has to |look at how nost
organi zations, people, and as the best
exanple, the Governnent act relative
to problemsolving to confirmthe
following statement: The tendency is
to look for the easy way out by
circumventing the requirenents instead
of exposing the hidden assunptions.

Conpl exity in problem solving
results when conprom ses are devel oped
to satisfy nore and nore requirenents.
In reality, what has been devel oped
are actually tolerable conprom ses
Tol erabl e conprom ses are generally a
result of some policy that managenent
has established and inplenented at
sone tine in the past to solve a
probl em existing at that time. The
assunptions nade at that time, upon
whi ch these managerial decisions or
policies were based were sound, but
have rarely been challenged. The
results are that many of these
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policies have becone constraints.

Many managerial deci sions and
| ong established policies also advers-
ely affect the throughput of a
manuf acturing conpany. These types of
constraints are difficult to identify
and much harder to change due to the
tremendous anount of Inertia that has
been built up over many years because
the organization becones confortable
with the status quo. These types of
managenment deci sions and policies can
magni fy problens created by other

systems or they can encourage
decisions that lead to global
suboptim zati on of the  “present
oper ati onal “Systeni  of t he
or gani zation.

For exanpl e, the use of
Economi cal Order Quantity (EQQ or
Econom cal Batch Size (EBS) techniques

have been used in production and
purchasing as a standard policy in
many U.S. conpanies. Setting batch
sizes based on EQQ or EBS is still a
common practice (policy) in nmany
manuf acturing plants around the world,
except for those inplenmenting JIT
t echnol ogy. JIT challenged the
traditional assunptions upon which
Figure 4 is based relative to setup
costs and proved that the reduction of
inventory was a nmjor driver to
i ncreased t hroughput and
profitability.

By inplementing new innovative
t echni ques the Japanese reduced setup
costs significantly and they reduced
the size of transfer batches which
enabled themto start the next
operations nuch earlier. The role of
reduced inventory was one of the najor
reasons Japan was able to |eapfrog
conmpeting nations in manuf act uring
areas as this paradigm shift (policy)
i nproved products in the quality and
engi neering areas, resulted in higher
margi ns and | ower investnment per unit
in the price area, and inproved
responsi veness by creating shorter
quoted lead time and better due date
performance. (Goldratt, 1986)



le—— Cost

1 ¥

Very Large

Figure 4 Total Cost Curve for
ECQ Bat ch- Si zi ng Appr oach

Source: Umble and Sri kanth, 1990

The Japanese consider inventory

a liability. However, on their
financial balance sheets, inventory is
listed as an asset. General Iy

Accepted Accounting Practices (GAAP)
also list inventory as an asset. This
apparent conflict can be resol ved by
using the TOG Evaporating C oud (EC)
t echni que. A win-win solution
results: Inventory is only an Asset
when it protects Throughput (Rack,
1992).

The EC technique is one of the
processes used in the TOC TPs and is
based on the follow ng three steps:

Step 1. Present the problemin
a diagram format

Step 2. Expose and verbalize the
assunptions behind the various arrows.

Step 3. Chal | enge t he
assunptions to the point that one or
nore is exposed as invalid or
irrelevant.

The conflict shown in Figure 5;
| arge batches v. small batches) is
essentially resolved (evaporates)
because the correct course of action
(valid assunptions) is evident

The EQQ or EBS EC diagram woul d
| ook |ike Figure 5. The Onjecti ve,
Requirements, and the Prerequisites
are known and the Conflict is - large
batch or small batch

The traditional solution was to
relax the requirenents by making a
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(bj ective Requirement Prerequisite
B¢ D
Reduce Setup  “Large Batch
/'Oost Per Unit:
A
Reduce Cost
Per Uni.t
™. Reduce Carrying Small" Batch
Cost Per Unit
Ceé E
Figure 5 EBS Batch-Sizing
Evaporating Coud Diagram

Source: Coldratt, 1990

conprom se by establishing an EOQ or
EBS. The EOQ or EBB concept is not a
win-win solution. The JIT solution
was based on correlations and appeared
to be a satisfactory solution-reduce
setup costs and transfer batch sizes.
The TOCTP techniques are based on ECE
which rely nore on a process rather
than just good intuition to guide
users in search of a good iterative
solution and strategic plans. Using
the TOG TP techni ques, the assunptions
and the chal | enges of these
assunptions reveals a nore powerful
sol ution. Table 11, lists the
assunptions behind the arrows and the
reasons Why these assunptions are
invalid or irrelevant, (erroneous)

The apparent wi n-w n solution
relative to the Figure 5 objective is
that large production (setup) batches
are required for cost effective
constrained resource operations and
that  small transfer (inventory)
bat ches should also lead to cost
effective operations. A traditiona
EOQ or EBS tol erable conprom se and
the inproved solution offered by JIT
met hods can be replaced by use of the
TOG EC techniques and result in
I mproved (second order) solutions.

The JIT approach does not
recogni ze the inherent differences in
resource types (constrained and non-
constrained). In reality, inventory
is required to nmaintain present
t hroughput and to protect future
t hroughput .



The conflict as to inventory being a
liability. or an asset is therefore
not resolved. The TOC EC techni que
resolves this conflict.

Table 111 EC Assunptions and Reason
Assunption is Erroneous

EC Assunptions

B&D There is no distinction between
the value of setup tine at a
bottl eneck versus a non-
bot t | eneck.

C&E The carrying cost are the only
the dollar cost to actually
carry the inventory.

De>E There is only one aspect of
hatch size to consider. “A Batch
is a Batch."

Reason Assumption is Erroneous
BeD Distinction is that savings in
setup time usually results in
nore idle time on non-
bot t | enecks.

There are nunerous additiona

costs associated with carrying

inventory such as handling,
records etc.

D&E Setup is a production prooess
and constraints require large
batches to mnimze |oss of
t hroughput. Moving inventory is
a transfer operation and smal
transfer hatches should inprove
t hroughput. There are two types
of batches (process and
transfer) to be considered

CeE

Logi stic Paradigms
Most |ogistic paradigns result
inherent constraints in the
production Planning and Control (PPC)
systemin use by nmost if not all US
shi pyards. Logi stic constraints are
often difficult to identify and/or
change.  Statistical fluctuations and
the numerous dependent resources are
integral in the construction of a ship
and usually result in a significant
negative inpact on the throughput of
the system and nore inportantly, the

shipyard' s bottom |ine.

Logi sti cal constraints are
internal  constraints  (within the
control of the shipyard). To break
these types of internal constraints
usual ly requires a drastic change to
exi sting PPC systems that have been in
place for many years.

Scheduling of a shipbuilding
manuf acturing environment is basically
a conbination of Project Managenent
systems and PPC systens. A shipyard’'s
PPC systemis a conbi nation of
Cont i nuous Production
(fabrication and assenbly l'ine
manufacturing), |ike a general job
shop, and Intermttent Production
syst ens, characterized by batch
production. These two systens in turn
use different systems for nore detai
schedul i ng. Conti nuous Production
systens use Flow Control systens while
Intermttent Production system use
Order  Control  systems which are
general |y nore conpl ex.

Program Managenent systens
currently use two techniques for
establishing overall planning and
scheduling parameters, the Project
Eval uati on and Revi ew Techni que (PERT)
and the Critical Path Method (CPM.
PERT and CPM assune that unlimted
resources are available for project
activities

syst ens

Sinulation, as well as other
research, investigating traditiona
PERT and CPM assunptions, has
denonstrated that current PERT/ CPM

based scheduling techniques generate
critical pat h estimates t hat
consistently underestimate project
duration. Wi | e PERT techniques do
recogni ze activity variability, they
do not recognize the fact that
critical chain path interactions can
del ay project conpletion. Many of the
assunptions required to deal wth
Resource Constraint Project Scheduling
probl ems can be relaxed through the
use of simulation which, unfortunately
can lead to tolerable conprom ses

Fi gure 6 depicts t he
shi pbui I di ng scheduling problemin EC
format.
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bj ective
B<

Requi r enent

Prerequisite
D

Devel op schedul es that
optim ze resources and

“(////?acilities to reduce costs CPM PERT,

A
| mpl enent ship construction
schedul es that inprove
profits and conpetitiveness
(Reduce construction tine)

Devel op schedul es that

Devel op tinme driven
schedul es using MRP |
and/or JIT

Develop exploitation

i ncrease throughput of constraints driven
schedul es using TOC
Ce E
Figure 6 Shipbuilding Scheduling

Evaporating O oud D agram

Table IV below, lists the assum
ptions behind the arrows and the
reasons Why these assunptions are
invalid or irrelevant (erroneous).

EC Assunptions

Ae-B Schedul es that optim ze

resources and facilities wll

reduce costs and result in

i nproved profits.

Time driven schedul es produced

by traditional systems will

result in optimzed resources

and facilities.

De=>E Tine driven traditiona
scheduling wi |l meet objective.

B&D

Reason Assunption is Erroneous

A¢<B The optimization of any resource
except the constraint-usually
does not reduce cost

BeD The optinmzation of non-constr-
aint resources wll increase
inventory and increase costs.

De>E Tinme driven schedul es increase
ship construction ti~ and
costs.

Table IV EC Assunptions and Reason
Assunption is Erroneous

Tradi ti onal nmet hods of
schedul i ng shipbuilding work use tine
as the driver. Over the years nore
and nore time has been inserted in
these schedules to act as buffers.
The real effect of these buffers
result in an extension of the
schedul ed construction time.
Gol dratt, 1990, provides a detailed
di scussion of traditional scheduling
net hods. Using the “exploitation of
the constraints” as the “Driver”
produces physical constraint free
schedules that are realistic and
inmmune to a reasonable |evel of
di sruption. Candidate realistic
schedul es should be judged against the
fundamental TOC measures: Throughput
(T), Inventory (1), and Operating
Expense (OE) which are defined later.

Real i stic schedules are resource
f easi bl e schedul es. There is no
conflict bet ween the systenis
constraints and there is no resource
contention which occurs anytine that
an activity or operation nust be
del ayed due to lack of resources.
I mmune schedul es are not affected by
statistical fluctuations and dependent
events.

It is inportant to distinguish
Operations Scheduling (OS) from Master
Production Scheduling (MPS).
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MPS determ nes the kinds of
products and the quantities to be
produced in some future period. OS is
at the lowest Ilevel of the planning
hi erarchy and requires a greater
amount of detail. The TOC scheduling
t echni que conbines MPS and OS in away
that causes themto be |ess disern-
able as separate entities than trad-
ional nethods. In this light, MPS is
not ignored and the traditional OS
probl ens are incorporated into the
focus of the managenent environnent
conparisons that nust be made by
nmanagenent .

Urbl e and  Srikanth,
discuss the following principle: Mke
sure the critical resources are
working on the right activities at the

1990,

right tine. This requires the
identification of Critical Capacity
Resources (CCRs), defined as: Any

resource which, if not scheduled and
managed, is likely to cause the actua

flow (critical chain) of product
through a plant to deviate from
planned flow. Wen identified, they

becone the focus poi nt for
managenent’s attention as they have a

significant inpact on the throughput
of a shipyard.
If CCRS exist, every spare

mnute that coul dbe “squeezed out” of
the available tine on theses CCRS
shoul d be utilized. Table V provides
a Schedul e/ Time Analysis based on the
time available per week.

1 Shift  Schedul ed Non- Schedul ed

5 of 7 days 23.3% 76. 2%

7o0f 7 days 33.3% 66. 7%

2nd Shift

5 of 7 days 47. 6% 52. 4%

7o0f 7 days 66.7% 33. 3%

3rd shift

5 of 7 days 67.0% 33*0%

7 of 7 days 93.3% 6. 7%

* 5 of 7 days 71.4% 28. 6%

*  Production operations  continue
through lunch periods either by
working overtine, assigning extra

teanms, or by other neans.

Table V Schedul e/ Time- Anal ysis

The percentages |isted represent
the productive scheduled tine and the
protective non-scheduled tine on 1, 2,
or 3 shifts and for 5 of 7 days and 7
of 7 days. Al so shown is the added
capacity gai ned by working through

lunch hours. U S. shipyards usually
work a full 1st shift and a partia
2nd shift. Table V indicates that the

3 shifts 5 days a week schedul e
results in 33% additional avail able
tine and the 2 shifts, 5 days a week
schedul e has nore tine available than
schedul ed time {52.4%v. 47.6%.

“An hour lost at a bottleneck is an
hour lost for the total systent
(Goldratt, 1984). Therefore an
addi ti onal non-schedul ed hour worked

on a bottleneck is equivalent to an

hour worked by the total system The
resulting positive inpact on a
shipyard’' s profit woul d be
significant.

Cost Accounting Parndigms

The fundanmental problem with
Cenerally Accept ed Account i ng
Practices (GAAP) is that they can not
correctly measure the inpact of |oca
deci sions and actions on the bottom
l'ine. Anot her basic  problem
confirmed by GAAP experts, is that
many of the original assunptions upon
which these practices are based, are
no |onger valid.

MFarland, 1966, discussed the
following key points in his study of
managenent accounting concepts

1. The presence of capacity
constraints is a distinguishing
characteristic of short run planning.

2. [dentification of the
constraints of a system is a
prerequisite for di sti ngui shing
rel evant costs.

3. Maxim ze contribution margin
in terms of constraint resources.

4. I nt er dependence of the
entities need to be considered in

product and  market segment ation
deci si ons.
Many cost and nmanagenent

accounting textbooks and courses have
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reinforced the erroneous inpression of
anal ytical independence. Manageri a
accounting is highlighted as focusing
on parts or segnents of an
organi zation

TOC has enhanced
under standi ng of constraints
| east three inportant ways

1. Recognition that every system
is constrained,

2. The inportant role of non-
constraints relative to exploitation
of the constraint decisions, and

3. The recognition that the
constraint(s) of a system need not be
physical in character
Policy and cultural
constraints are
consi derations.

These three observations have
i mrense inplications in the practice
of management accounting. The primary
reason that cost accounting practices
are so hard to break is that these
practices (paradigns) have been the
way that people have been educat ed,
busi nesses have been operated, and
financial and performance measurements
have been calculated and evaluated for
many years.  Management and business
schools are still teaching many of
t hese obsol ete subjects. This has
resulted in many organizations and
peopl e having hugh amounts of | NERTIA

~oour
I n at

behavi or type
very | npor t ant

The TOC EC techni que can be used
to resolve the conflict as to what
cost accounting nethod (GAAP v. TQQ)
shoul d be used to neasure the results
of shipyard inprovenent prograns. By
chal l enging the assunptions (Table W)
behind the logic (arrows) in Figure 7
a clear coarse of action is reveal ed

GAAP results in an accurate
determ nation of overall  (global )
company financial conditions except
for the previous identified conflict
on Inventory neasurenents

The GAAP and TOC formulas will
provide simlar global measurenents
except in the conflict area. These
gl obal financial neasurement are good
for devel oping strong paradigns for
judging the “Systenf but are very
limted in judging the inpact of |oca
actions on the goal relative to:

1. Buying new equi pnent,

2. Investing in quality,

3. Product pricing, and

4, \Wrkcenter performance, etc.

These  cost  Accounting and
convent i onal reporting systems
paradigns result in using the cost
figures produced by the “systeni that
enphasi ze cost control first, then
throughput and then inventory. Both
operating expense and inventory have
absolute limts, they can not be
reduced bel ow zero

Obj ecti ve Requi r ement Prerequisite
B< D
| npl enent i nprovenent [ npl ement TQM &
progranms that optimze JI'T i nprovenent
resources & facilities programs
i.e., reduce | & CE
A
| npl enent  shi pyard
i nprovenent prograns that
inmprove profitability &
conpetitiveness
| npl enent i nprovenent | nprenent TOC
rograns that increase i npr ovenent
Thr oughput pr ogr ans
Ce

Figure 7 |nprovenent

Prograns Evaporating Coud D agram
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EC Assunptions

A<=B Optimization of resources &
facilities inmprove profits &
conpetitiveness.

B<-D TQM & JIT programs will reduce
Inventory and Operating Expense
costs .

D<->E TQM & JIT prograns that optim ze
resources and facilities 1nprove
profits and conpetitiveness.

Reason Assunption is Erroneous

A<-B Optimzed resources & facilities
have little inpact on profits &
conpetitiveness.

TOM & JIT progranms do not

address constraints only

inventory and Operating Expense
reductions.

D<->E Increasing Throughput, not
reducing Inventory and Qperating
Expense costs, will have biggest
i mpact on profits and
conpetitiveness.

B<-D

Table VI EC Assunptions and Reason
Assunption is Erroneous

The TOC fornulas listed bel ow
offer an alternative to GAAP. Al
four formulas include at least two of
the three following TOC definitions

Throughput (T): Al the noney
the system generates through sales.

Inventory (1): Al the money the
system invests in purchasing things
the systemintends to sell.

Qperating Expense (CE): Al the

money the system spends in turning
Inventory into Throughput.
The conversion of T, I, CE and

Net Profit (NP), Return On Investnent
(RO) is intuitively straightforward.

T generates money, | invests money and
CE spends noney.

NP=T- OE (1)

RO =T- OE+]1 (2)

T, |, O, can also be used for

anot her set of measurenents -
Productivity (P) and Inventory Turns

(I7):
P= T+OE (3)
| T=T=+1I (4)

From a practical standpoint as
operating expense and/or inventory is
reduced, at sonme point the reductions
will limt throughput. Also from a
practi cal poi nt  of view  any
significant reduction in operating
expense actually neans |ayoffs. In
t he shi pbui I di ng (gover nment
contracting )  environnent, reduci ng
inventory is offset by the desire for
“Progress Payments.”

Shi pyar ds shoul d al ways
enphasi ze increasing throughput to
realize the greatest gains in profits

then reducing inventory, and finally
reducing operating expense. By
chal | engi ng and br eaki ng t he

assumptions behind the Ae-B&Dée=E
arrows in Figures 6, 7 and 8 the
correct courses of action can be
est abl i shed.

Performance Measurenment
par adi gns

Performance  neasurenents  are
needed to monitor subsystens as well
as conplete systems. Traditionally in
Us. shipbuilding this has been
performed under two types of systens.
Gessi's, 1993 describes the U S Navy' s
“Cost/Schedul e Control System (CS),
and Karl son, 1992 describes the
Maritinme Admnistration’s  (MarAd)
Ship Project Mnitoring System also
called the 10,000 points system
Variations of both of these systens
have been in operation for quite a few
years which has resulted in the
devel oping of very strong paradigns.
However, a cursory review of each of
these systenis reveals that their
f oundat i ons are based on the
anal yti cal approach and independent
variabl es. Figure 8 and Table VI
relate to this measurenent conflict.
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bj ective

Requi r enent
R

Prerequisite
D

U
Measurenents that focus
on cost improvements
i.e., reducing I & OE

A/

Devel op nmeani ngf ul
nmeasurenments (metrics)

that determ ne inpact of
| ocal actions on bottom
l[ine

" Measur enment
Thr oughput ,

t hat

Use present Cost
Accounti ng based
nmeasur ement s

Use TOC based
nmeasur enent s

focus on
true Productivity

and I nventory Turns

C(

Fi gure 8 Measurenents,
EC Assunptions

A+B Significant bottom line inpact
can be gained by reducing
costs .

Present Cost Accounting
measurements are satisfactory
for measuring reduced costs at
| ocal |evels.

D - E Same as B:D above

| WD

Reason Assunption is Erroneous

A+B Reducing costs do not have
significant inpact on bottom
line and reducing CE costs
really equate to laying off
peopl e-an organization's nost
| nportant resource
Local inprovenents that reduce
costs have little inpact in
bottom line as inprovenents are
usual Iy made in non-constraint
areas. Present cost accounting
and/ or Activity Based Cost i ng
(ABC) nethods provide erroneous
measur ement s
D- E Same as B:D above. TOC
measurements provide accurate
measures and al so by using TCC
“Control Measurenents” variance
to schedul es and true account-
ability is measured.

Table VI1 EC Assunptions and Reason
Assunption is Erroneous

E

Evaporating Coud Di agram

Tradi ti onal met hods for
measuring variance to schedul e dates,
budget performance, nunber of delivery
dates missed, nunber of plans late to
schedule issue dates, etc., al
essentially are a neasure  of
performance agai nst the individua
standard (schedul e and/or budget)
assigned to each item and al
deviations basically carry the same
significance (weighted value). Since
all these neasurements apply to each
i ndependent item the negative inpact
of this dependency on other items is
not measur ed. TOC et hods provi de
measurenents in terms of both relative
i nportance to the bottom [line
(Throughput) and relative to variances
froma valid schedul e using Throughput
and/or Inventory Dol lar Day nethods
(Goldratt and Fox, 1988)

The effectiveness of TOC nethods
depends on two prerequisites:

1. an accurate material cost, &
2. a valid schedul e
Us. shipyards can neet the

first prerequisite, but not the second
because the schedul i ng nmet hods used
are based on tinme as being the driver
instead of using exploitation of the
constraints as the driver (Goldratt,
1990).

Existing local neasur enent s
l'ike: worker’s efficiency and process
or schedule variances; encour age
rather than suppress doing things that
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shoul d not have been done (Goldratt
and Fox, 1988). In addition, the
progress payment clauses in nmost ship
construction contracts results in a
t remendous buil dup of inventory in
U.S. shipyards because the schedul es
do not differentiate the critical work
required to support the flow of work
through the constraint resources and
the critical chain. The magnitude of
the negative inpact on true costs and
schedules therefore can not be
nmeasured. The TOC control measurenent
concepts can be fully explained only
after the concept and procedures of
buf f er - managenent are under st ood
(Goldratt, 1990).

TOC neasurenents also identify
another inportant paradigm shift that
needs to be made in the area of
capital expenditures. The role of
non-constrained activities within an
organi zation is to support the
constraint in the best way possible,
Al'l capital expenditure requests for
new equi pnent that will be used in
unconstrained areas should be anal yzed
to ensure t hat t he proposed
expenditure wll not result in
di mnishing the capability of the non-
constraint area to support the
constraint. This analysis is
particularly relevant if the proposed
new purchase involves consolidating
simlar activities, as flexibility and

responsiveness may be lost. In
addition, changing the traditiona
erroneous practice of justifying
capital expenditures based on inprov-

ing non-constraint performance shoul d

be discontinued.
Production Paradi gns

Many mllions of dollars are
spent each year in U S shipyards on
facilities, conputerization of systems
and other non-constraint equipment..
These mgjor investnents in nost cases
have not resulted in making US.. yards
competitive in the comercial world
market. One nmajor area recognized as
contributing to inproved productivity
and reducing construction tine is

where the ship construction work is
per f or med. The  two lists of
“Difficulty Factors” shown in
Table VII1 are representative of the
magni tude of the savings that can be
realized by noving construction work
earlier in the schedule.

Locati on (A (m
I n Shops 1.0 1.0
On Platen 1.5 to 3.0 5.0
Erection Area 4.5 to 7.0 10.0
In Water 10.0 to 15.0 20.0
Table VIII Ship Construction
“Difficulty Factors”
Reference (A) WIKkins, Kraine, and
Thonpson, 1993.

Reference (B) Snodgrass, 1982.

For exanple, if an itemcan be
installed in a shop as opposed to
doing the work in the water, the |abor
hours woul d be reduced by a factor of
between 10 to 15 or 20 (Table VII1).
The nmagnitude of bottomline benefits
resulting from nmoving work earlier
(ME) can result only if two necessary
conditions are present: (1) the work
that is noved earlier is in the
critical chain and (2) the ship
construction schedule (delivery) is
reduced to reflect the productivity
| nprovenents. If this work is not in
the critical chain then the benefits
that could be realized will likely be
| ost due to other delays encountered
before ship delivery. Likewise, if
the overall schedule tine is not
reduced the shipyard workers will work
to the issued schedules with very
little bottomline inpact.

A 1982 Dbarge construction
project (Rack, 1982) provides a good
exanpl e of not only the WE concept,
but  also illustrates two other
concepts that can significantly reduce
ship construction time: Work In
Parallel (WP) and In Miltiples (IM.
WP is defined as performng simlar
operations at the same tinme in another
work station.
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i nprovement programs woul d | ook |ike
the “B” curve in Figure 9. In
reality, very few non-linear programs
have been inplenented because they
require a redesign of the existing
system and managenment’s recognition
that they nust change before the
system can be changed (\alton, 1986).

The practi cal rate of
i mprovements of continuous non-Iinear
processes wll take the appearance of
the Figure 9 “C' curve. The plateaus
in the “C curve represent the time
required before an  organization
identifies the next “weakest |ink”
(constraint) and i npl ements a
satisfactory solution

Resul ts
n Cll
Curve
Ongoi ng
| mpr ovenent
IBII
Curve
11 A’l
Curve
Stagnation
Demis
Ti me
Figure 9. Rates of 1nprovenent
Source: Coldratt. 1990)
Al of these ref erenced

appr oaches have  docunent ed
i nprovenments of  varying degrees.

However, these inprovenents becomethe
new paradi gns and sooner or |ater,

every paradigm begins to develop a
very special set of problems with no
evi dent sol utions. New paradi gns put
everyone practicing the old paradi gm
at great risk. The hi gher one’s
position, the greater the risk. The
better one is at that paradigm the
more one has to |ose by changi ng

par adi gns, a condi tion cal |l ed

“paradi gm paral ysis” (Barker, 1992).
The actual bringing about of a

paradi gm shift in an organization,

requires:

1. Creating and sustaining the
notivations for appropriate changes.

2. Creating, in t he
or gani zati on, t he capacity for
appropriate thinking
Both of these itens require, in turn:

3. Creating the atnosphere and
developing the capacity for open
communi cations, which allows for an in
depth reeval uation of hidden assunpt-
ions, individually and collectively”
(Malin, 1992).

One has only to look at how U S
shipyards are organized (pyramds wth
many functions and many levels within
each function) and how they have been
operating (analytical thinking) for
many years to appreciate the magnitude
of the paradigm paralysis that has
resulted and why it is so difficult to
stimulate internal innovation. S0
until U S. shipyards can change that
attitude and stinulate their people to
be nore flexible and break out of
their paradigns to search for
alternatives, the great newideas wll
probably be discovered outside the
shipyard’s organi zation (Barker,
1992 ).

The various necessary conditions
that have to be present to cause
change include: (Mlin, 1992)

1. Aspiring goals,.

2. Mtivation
3. Toget her ness,
4. Oanership

5. Appropriate thinking (having
the necessary know edge and having the
right methods and capacity to use
them ),

6. Communi cati ons,

7. Organi zational cooperation
instead of conpetition, and

8. Geatly expanded use of
di al ogue.

The dial ogue expansion includes

1. open listening

2. looking at one’'s thoughts.
which arise in response or reaction to
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ot hers’ pronouncenents, and in
particul ar,

3. discovering the  hidden
assunptions, the paradigms behind
one’s thoughts, and

4, being wlling to suspend
t hese assunptions.

Demi ng, (Stevens, 1994)

expressed thoughts on how to cause
change: [Wth only i nside
under standi ng] “What you do is only to
di g deeper the pit you are in...To get
out of the pit we require an outside
view. No chance fromthe inside. A
system cannot understand itself.
Under standi ng cones from the outside.
An outside view provides a lens for
exam nation of our present actions,
policies... (Bold added) Know edge
fromoutside is necessary. Know edge
from outside gives us a view of what
we're doing, what we might do, a road

to i mprovenent, conti nua
i nprovenent . *
An essential part of change in

any organization, any group . . . . is
the creation of conditions in which
peopl e can explore the fixity of their
own thoughts, the confusion between
“presentations” and “representations,”
the real nature of what they cal
“facts,” etc. Such conditions are the
prerequisites for communications anong
menbers of the group, comunication
which is, in turn, a precondition for
change (Malin, 1992).

Us shi pyar ds have been
operating for manyyears in accordance
wth systems that are based on
anal yti cal t hi nki ng, i ndependent
variabl es and know edge gained from an
educational systemthat: “what they
teach is continuance of our present
nmet hods of nmanagement, which are
failures. They teach how to fail, how
to continue to fail”, (Walton, 1992).

This situation is nade worse
because of the strong paradigns
practiced by U S. shipyard nanagers
and workers and by working to a system
designed to meet contract require-
nents. Many of these contract
requirements are based on a different
set of objectives to nmeet a different

‘“setof rules” (goals) than those of
t he shipyards.
The key and mmjor paradigm

shifts that are considered necessary
to neet the present situation facing
U. S shipyards were discussed earlier

in this paper.

However, “When our frames of
reference are fixed and rigid, they
becone a substitute for thinking

Learning takes place when we have
flexibility to change our frames of
reference. The nost creative efforts
of human beings involve departing from

existing frames of reference and
constructing new ones”, (Rubinstein,
1985) .

The flexibility for learning in
U.S. shipyards has been restricted by
this paradigm paralysis. This
condition has prevailed for many years
because much of the technol ogy being
used by managers has been proven to be
not only very fixed and rigid but is
also flawed in that it has led to
“Cost World” results (Rack, 1991).

Significant inmediate profits
can be realized through productivity
i nprovenents by maki ng certain
paradi gm shifts such as inplenentation
of the WE WP IM concept-s, increased
manni ng and/ or number of shifts worked

and al so other physical (facility)
changes.

To inplenent and sustain true
continuous non-linear and |inear

i mprovement processes a paradi gm shift
from paradi gm paral ysis (hear nothing
but threats) to paradigm pliancy (hear
nothing but opportunity) is necessary,
(Barker, 1992).

To paraphrase Swartz, 1994, U S
shi pbui |l ders have to devel op The Non-
Li near Sol ution:

To becone a WORLD LEADI NG COWPETI TI VE
SHI PBUI LDER one must TRANSPORM
THEMSELVES (managers and workers) and
then the BUSINESS in order to
MAXIM ZE the RATE and QUALITY of
LEARNI NG and | MPROVEMENT.
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IMis defined as doing nultiples
of the sane operation in the same work
station with essentially no increase
in time or manhours

The conbination of these three
concepts results in the possibility of
having the conbination of three
multipliers instead of just the WE
multiplier (WVE X WP X IMv. V).

Once again the controlling
factors (necessary conditions) are
that the nultipliers are only
effective if the work is in the
critical chain and the overall
schedule time is reduced

The author (Rack, 1982) was not
aware of the TOC at the time this
barge facility was designed. However,
the concepts used can be conpared to
the TOC  DrumBuffer-Rope (DBR)
technol ogy (CGoldratt, 1990). This
concept also nmeets both necessary
condi tions.

The Drumis the perceived narket
requi rement of a barge every other day
(2 day deliveries). The barge
faciiity has 52% excess capacity as it
was scheduled to work only 10 shifts
(5 days a week, 2 shifts) when 21
shifts (7 days, 3 shifts) are
available. This excess capacity means
there are no physical constraints in
neeting the Drum beat of the market (a
barge every other day)

The panel stiffener machine was
establi shed as the constraint and
became the Drum on which the

production schedul e was based.

The “Rope” between the Drum and
the material release “Gate”
when material had to be released so
that buffers could be established to
provide a continuous flow to and from
the panel stiffener machine and ensure
meeting the Drum beat of perceived
mar ket . It was discovered that the
only original work station that did
not support the continuous flow of one
barge every other day was the single
rake assenbly work station. The
solution was to add another station.

Another  constraint was the
weat her. Al platen type work had
downhand wel ding of rake stiffeners

det er m ned

was done at the erection position.
However, all other outside operations
coul d be del ayed by bad weat her.
Therefore five additional stations
were added to acconplish any weat her
del ayed work

The positive bottom |ine inpact
resulting fromthese three concepts

(multipliers), henceforth called: *“VE
WP IM was significant.

Table 11X i ndi cat es t he
construction work that was noved

earlier fromthe erection area to the

shop and elimnation of all platen
wor k.
Potenti al weekly  throughput
equated to:
5 days + 2 days X 570 tons = (5
1,425 tons per week
Potenti al yearly  throughput
equated to:

1,425 X 52weeks = 74,100 tons (6)

The WP operations consisted of
doing panel welding at both the inlet
and exit panel welding stations
sinultaneous rake assenbly in tw
stations, and the flexibility of doing
any unconpl eted outside erection and
bl ast and paint work in the five
additional buffer work stations.

I M operations consisted of
mul tiple panel stiffening (up to 9 at
atine), tank top plug welding (6 at a
time) and the  nost | npor t ant
operations leading to a significant
reduction in construction tine and
costs-the joining of all erection
units in the shop (3 “super” units (1
bottom & 2 sides), Rake &Transon).

Al t hough the above discussion
and Table I X data pertain to inland
wat erways barge construction many of
the VE WP I M concepts can readily be

applied to ocean goi ng s hi
construction. The resul ting
signi ficant savi ngs in ship
construction costs and the large

reduction in overall construction tine
translate to much higher profits
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_ Tradi tional * VE WP I M
Operation Shop Platen FErection Shop Erection
Nunber of Panel
Butt Welds (Plate 54 0 65 0
to Plate) 65
Nunber of Cycles 66(1) 0 35 0
Stiffeners wel ded
to panels
Nunber of Tank Top
Pl ate/ Pl ug Wl ds 0 17(2) 5 21 1
22/ 1056 0 816 240 1008 48
Nunber of Plug Wl d
Cycl es 0 816 240 168(3) 48
Nunber of Min
Assenbly Units 17 0 0 17 0
Nunber of Erection
Units 17 0 17 0 5(4)
Nunber of Erection
Wel ds 37 (24 Sides, 0 37 26 11(5)
13 Bott ons]

* Traditional Barge construction assumes panel |ine

wel der,
and stiffener welder
One cycle = 3 stiffeners v.

Speci al wel di ng equi pnent
One Bottom and 2 Si des,
3 Bottom wel ds,

TN~~~
O~ wN -
N e e e

Table | X Traditiona

Plug welds nade in Platen areas v.
(6 weld at sanme tine).
pl us Rake and Transom
and 8 side welds.

stiffener tack station (3/6 stiffeners/tacks)
(3/6 stiffeners/welds).
up to 9 stiffeners.

in shop.

Barge Construction V.

VE WP | M Concepts

Source: Rack, 1982

HOW TO CAUSE THE CHAHGE?

Numerous articles and books have
been witten ( Barker, 1992, Drucker,
1980 and Swartz, 1994, etc.], that
have provided answers to the two
questions discussed previously: Wat
to change and What to change to, but
the question: How to cause the change
has only been partially answered

The conmon message and overal |
objective of all of these “Qurus” is

essentially the same i.e. , continuous
on-going inprovenent. The act ual
results in all too many cases of

continuous on-going |inear inprovenent
prograns that have been inplenented is
shown as the “A” curve in Figure 3 and
Figure 9 bel ow.

Theoretically the inplenentation
of continuous on-going non- | i near
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CONCLUSI ONS

The U.S. Shipbuilding industry
is amjor link in the overall US
Maritime industry, but it may well be
one of the weaker |inks. At the
global level, a significant contribut-
lon to the national econony and to the
i nvol ved participants can result from
continued growth of each and every
element in this industry. Leadership
to elimnate t he traditiona
adversarial relationships (paradigns)
IS needed before a concerted effort to
develop Wn-Wn solutions can be
i npl ement ed.

The vision of each of the
elements of the U S. Mritime industry
should be to contribute to the overal
sustained growh of this industry. The
U.S. shipbuilders can nake a major
contribution if they become conpetit-
ive in the world market

Today’s available technol ogy
provi des an understanding of what has
happened, both good and bad, to many
i ndustries and nations. This same
technol ogy can be used to |earn what
shoul d be done to inprove the future.
To nmake an inprovenment requires a
change. However not all changes are
| nprovenent s

The TOC S Thi nki ng Processes
(TPs) provide a “workable tool” that
when used in conjunction wth
“Systens” thinking principles that are
directed to inplementing the non-
l'inear solution, can result in noving
U.S. shipbuilders fromthe “Reactive
Mode” to the “Anticipative Mde” of
managing.  The follow ng key elements
are prerequisites or vital elenents of
such a process:

System Thi nki ng,
Qut si de Knowl edge,
Communi cat i ons,
Redesi gn of the System
Assunptions (challenging of),
True and Inspiring Goals,
I nvol vement (enpl oyees), and
Continuous Non-Linear and

Li near |nprovenent.

C NS TN

Proven nethods exist to address
physi cal and policy type of
constraints. However, how existing
technol ogy can be used to address the
third type of constraint-behavioral -
has been the major obstacle as it

i nvol ves individuals.

| nprovenent in existing methods
are still needed in: “ways to arouse
enotional factors, other than fear,
that will notivate people to invest
the enotional energy needed to bring
about the fundamental changes in

behavior, aswell as in the structure
and functioning of the organization”
(Malin, 1992).
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